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U SUMMARY 


During  the  auniner  of  1977,  five  spocioa  of  animals  vroro  collected 
under  the  U.S.  Navy's  Extremely  Low  Frequency  (ELF)  antenna  at  the 
Wisconsin  Test  Facility  (WTF)  while  controls  were  collected  seven  to 
thirteen  miles  away  from  the  antenna.  Exposed  and  control  animals  of 
the  same  species  were  tested  for  oxygen  consumption  and  respiratory 
quotient  (R.Q.)  on  tho  day  of  collection  at  the  WTF*  Tho  spocioa 
include  one  vertebrate,  the  redbacked  salamander,  Plethodon  cinereus 
cinereus  (Green),  and  fo tr  invertebrates:  the  earthworm,  Lumbricus 
terrestrls  L.;  the  redwrm,  Lumbricus  rubellus  (Hoffmeister) ; the 
woodlouse,  Oniscus  asellus  L.;  and  the  slug,  Arion  sp.r  There  were 
no  statistically  significant  differences  in  the  oxygen  consumption 
or  R.  Q.  between  exposed  and  control  groups  in  any  species  except  for 
a significant  depression  in  the  oxygen  consumption  of  exposed  redwomui 
(P  <.001).  Oxygen  consumptions  were  statistically  analyzed  over  the 
years  (1972,  1973,  1975,  1976,  and  1977)  and  showed  no  significant 
differences  between  exposed  and  conti^ol  groups  in  any  of  the  five  species. 
Our  field  observations  and  sampling  of  the  five  exposed  populations 
continue  to  show  no  abnormalities  in  behavior,  habitat  selection,  or 
external  features  and  pigmentation  after  eight  years  of  WTF  operation 


1 


2.  INTHODUCriON 


Sine*  th«  program  vaa  inltlatad  in  (.ha  aunmer  of  1972,  tharo  have 
bean  annual  collactlona  of  four  Invertebratae  and  a vertebrate  for 
the  purpose  of  analyaliig  their  oxygen  conavoptiona  and  reapiratory  quotients 
(R.Q0>  Although  representing  four  diverse  phyla,  all  share  the  common 
attribute  of  leading  n relatively  sedentary  life  on  or  In  the  soil 
thereby  being  closely  coupled  with  the  ELF  electrical  and  magnetic 
fields.  The  animals  £;re  the  redbacked  salamander,  Plethodon  cinereus 
cine reus  (Green),  tho  tioodlouse.  Oniscus  asellua  L.,  the  slug,  Arion 
sp.,  the  earthworm,  Lumbrlcus  t arrestris  L.,  and  the  redworm,  Lumbricua 
rubellus  (Hoffmoister) . , 

In  practice,  metabolism  is  generally  measured  In  terms  of  the 
animal* 8 oxygen  consumption,  although  carbon  dioxide  or  heat  production 
would  serve  equally  well.  One  may  refer  to  the  oxygen  consumption  of 
the  animal  as  a whole  in  terms  of  oxygen  consumption/ unit  time  (total 
mecabollsm)  or  the  animal's  weight  s»y  be  taken  into  account  as  we 
have  done  in  this  study,  i.e.  oxygen  jconsumptlon/untt  weight/unit  time 
(metabolic  rate).  The  iwatabolic  rates  of  poikilotherms  depend  on  a 
number  of  extrinsic  and  intrinsic  factors  such  as  temperature  (Gelineo, 
196A),  humidity  (Templeton,  1960),  level  of  activity  (Mill,  1972),  previous 
temperature  adaptation  (Kanungo  and  Prosser,  1959a),  season  and/or 
t.is»  of  day  (Stern  and  Mueller,  1972),  reproductive  cycle  (Prosser  and 
Brown,  1962),  quantitative  changes  in  enaymatic  systems  (Kanungo  and 
Proaser,  1959b),  body  weight  (Dawson  and  Bartholomew,  1956),  etc. 

Although  oxygen  consumption  varies  with  the  situation,  it  is  a highly 
reliable  measurement  provided  a rigorous  experimental  design  is  followed. 
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Consistent  with  this  rigorous  design,  teit  end  control  specimens  have 
been  collected  on  or  close  to  the  same  date  each  year,  tested  about 
the  sane  time  of  day,  and  always  tested  simultaneously.  This  year 
additional  variables  were  eliminated  by  collecting  exposed  and  control 
animals  on  the  same  day  they  were  tested  at  WTF,  avoiding  variables 
associated  with  shipping  and  holding. 

Over  fifty  comparisons  of  oxygen  consumptions  and  respiratory 
quotients  of  exposed  and  control  populations  ha'te  been  nade  from  1972  to 
1976.  R.Q.'s  have  never  differed  slgrtlflcantly  while  In  three  instances 
statistical  tests  have  revealed  differences  In  oxygen  consuoqttlon: 

(1)  In  1972  there  was  a marginal  elevation  In  oxygen  consumption  of 
exposed  woodllce  (F  <.0S);  (2)  In  fall  of  1974  oxygen  consumption  was 

lower  In  exposed  redworms  ( .05>  P >.025);  and  (3)  In  1976  it  was 
higher  In  exposed  redworms  (.005  >P  >.001).  After  seven  years  of 
WTF  antenna  operation,  with  the  antenna  operating  about  twenty  per  cent 
of  the  time,  our  studies  revealed  no  sustained  alterations  In  metabolism 
of  animals  subjected  to  prolonged  exposure  (Greenberg,  1974;  Greenberg 
and  Ash,  1976a,  b;  Greenberg,  1977).  The  results  of  the  1977  monitoring 
program  with  the  antenna  in  operation  seventy-nine  per  cent  of  the  time, 
are  presented  here. 
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3.  MJITERIALS  AMD  WTHODS 


3.1  OoIUctlon  of  Aatwali 

ExpoMd  antaal*  war*  collected  at  the  eiuae  ilte  uaed  in  prevloue 
year*  (Greenbert  «nd  Aah,  1976a,  b),  along  the  north  leg  of  the  antenna, 

Juat  aouth  of  Highway  77.  Gontrola  were  collected  on  the  aane  day  aeven 
to  thirteen  allea  fron  the  naarcat  HTF  antenna  at  the  a«Ma  alcea  aa  In 
previoua  yeara  <Flg.  1).  Collection  datca  for  each  apeclec  are: 
woodllce,  June  24;  earthafoma,  July  12;  aalaaendera,  July  26;  aluga, 

Auguat  12;  and  redworaa,  Auguat  19.  All  apedoena  were  collected  before 
11:00  A.M.  and  laaMdlately  taken  t?  the  environenntal  laboratory  at 
VTF  and  teated.  Expoaed  and  control  aninala  of  the  aane  apeclea  were 
tested  siaailtaneoualy. 

3.2  Oatreen  Oonauaptlon  and  geanlratory  Quotient 

Oxygen  conauaqptlon  waa  anaaured  in  a cloaed  nanooetrlc  ayatew  with 
a Gilson  dlffereutlal  reapiroaMiter  set  at  20*’c.  Aniauils  were  washed, 
dried,  and  weighed  to  the  nearest  0.01  gm  on  a Hettler  scale  and  then 
placed  In  13<'Bd  Warburg  flasks  with  one  aldeam.  Salananders  were 
tested  one  per  flask  while  others  were  grouped  aa  follows  to  naximise 
reliability  of  the  syateai:  woodllce,  ten;  redworaa,  three;  earthworaa, 
three;  and  slugs,  three.  Speclanns  were  grouped  for  uniformity  of  weight. 
Woodllce  and  salaamndera  were  not  sexed;  worms  and  slugs  are  hermaphroditic. 
One-tenth  ml  of  a .5M  KOH  solution  waa  Introduced  into  the  sldearm  as  a 
002  absorbent,  and  the  center  well  was  partially  filled  with  distilled 
water  to  raise  the  huaddlty  within  the  flask  and  it  was  screened  to 
exclude  the  animals.  The  flasks  were  allowed  to  equilibrate  for  15 
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SitMl  of 


■kirnit**  and  raadings  wars  takan  avary  IS  mlnutaa*  When  volunaa  o£  O2 
conauaad  wara  roughly  equal  for  two  conaaccciva  parlods^  raadlngs  mra 
attda  for  an  additional  two  or  threa  parioda,  giving  a total  of  four  or 
five  conaacutiva  readings  as  a basis  for  naan  O2  consumption.  Metabolic 
vata  la  axprassad  as  yl  O2  consumad/gn/hr.  Volume  of  CO2  evolved  during 
respiration  was  datarminad  by  titration  of  .2N  HCl  against  the  alkaline 
absorbent  plus  1 ml  saturated  BaCl2  and  1 ml  .1%  methyl  orange.  To 
obtain  R.Q. , yl  OO2  vas  calculated  using  the  gas  laws. 

3.3  Electric  and  Magnetic  Field  Msasuramants 

The  meters  employed  to  msasure  the  output  voltages  of  the  probes 
described  here  ware  the  specially  constructed  tuned  voltmeters  (TVM's) 
ediich  were  supplied  by  the  Havy  for  ELF  measurements,  the  connarcially 
available  ttswlett- Packard  302A  wave  analyser,  and  the  coiiii«^rcially  available 
Hewlett-Packard  3S81A  signal  wave  analyser.  All  three  instrviments 
function  as  battery  operated,  frequency  selective  voltmeters.  The  TVM's 
and  HF302A  *iere  used  from  1972  through  1975,  and  the  HP3581A  was  used 
in  1976  and  1977.  The  HP  3S81A  is  a newly  available  instrument,  and 
was  factory  sodified  for  a 1 Hs  bandwidth  and  battery  operation.  It  was 
used  to  replace  the  increasingly  unreliable  TVM's  and  the  bulky  HP302A. 

The  HP3581A  was  used  in  its  30-Hz  bandwidth  mode  to  measure  the  MSK 
signal.  A multi- frequency  battery  operated  notch  filter,  which  was 
designed  end  fabricated  by  IITRI,  was  used  in  conjunction  with  the  HP3581A 
to  eliminate  power  line  interference  at  60  Hs  and  the  harmonics  thereof 
wlten  taking  MSK  measurements. 

The  Biagnetic  field  was  measured  using  a single  axis  magnetic  field 
probe  designed  and  built  by  IITRI.  This  probe  is  merely  a many-turned  coil 
with  a ferrite  core  and  terminating  resistor.  Appropriate  conversion 
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factors  wore  used  to  convort  the  voltage  reading  at  the  output  of  the 
probe  to  an  equivalent  asgnetic  flux  density. 

The  low  iapedance  electric  field  (i.e.,  vhe  horlsontsl  electric 
field  at  the  earth's  surface)  was  SMssured  with  one-meter  probe  vires. 

The  sensor  used  for  amasuring  the  high  iapedanca  electric  field 
(l.e.,  the  field  In  air)  was  the  IITRI  constructed  ELF  electric  field 
probe.  The  probe  consists  of  two  insulated  hemispheres  which  form  a 
split  sphere  6 cm  Ir.  diaaater.  The  probe  senses  the  electric  field 
on  its  axis  and  transmits  a siodulated  light  replica  cf  the  electric 
field  to  the  receiver  via  a six-foot  fiber  optic  cable.  At  the  fsur 
end  of  the  cable,  the  specially  designed  receiver  changes  the  light 
signal  back  to  an  electric  signal  which  is  proportional  to  the  field 
sensed  by  the  transmitter.  The  output  of  the  receiver  is  measured 
with  a frequency  selective  voltmeter  and  converted  by  means  of 
appropriate  conversion  factors  to  an  electric  field  intensity. 

Each  of  the  three  field  probes  is  sensitive  on  a single  axis. 
Therefore,  accurate  and  repeatable  mathodologles  for  measuring  the 
field  mr^nltudes  were  needed.  Two  cases  were  apparent:  (1)  the  mode 
of  a single  frequency  being  transmitted  by  a single  antenna  and 
(2)  the  mode  of  both  antennas  transmitting  the  same  MSK  signal  at 
some  relative  phase. 

When  the  WTF  transmits  single  frequency/ single  antenna,  the  electric 
and  magnetic  fit  Ids  generated  at  any  point  may  be  thought  of  as  a 
simple  vector  having  unique  magnitude  and  direction.  It  should  be 
noted  that  in  this  case  the  field  magnitude  in  a direction  perpendicular 
to  the  direction  of  the  field  vector  is  xcro.  Therefore,  the  method 
used  to  determine  the  magnitude  of  the  fields  in  1972  to  1976  was  as 
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follows: 


a)  Thre'*  orthogonal  components  of  each  field  were  measured; 

I.C.,  the  north-south,  east-west,  and  vertical  components 
(only  the  north-south  and  east-west  components  of  the 
low  impedance  electric  field  were  measured  as  this  field 
has  no  vertical  component  at  the  earth's  surface) 

b)  The  magnitude  of  each  field  was  then  computed  as  the 

root  of  the  sum  of  the  squares  of  its  orthogonal  components. 

When  the  two  antenna  elements  are  operated  simultaneously,  the  electric 
and  magnetic  fields  generated  are  more  complex.  The  two  sources 
contribute  components  to  the  total  fields  which,  in  general,  are  out  of 
phase.  The  fields  cannot  be  described  by  a single  measurement  unless 
one  of  the  sources  dominates,  as  is  the  case  for  many  of  the  measurements 
made.  Therefore,  the  method  used  in  1977  was  to  search  for  the  maximum 
and  minimum  fields  at  each  location. 

3.4  Wisconsin  Test  Facility  Operations 

In  the  years  preceding  1977,  all  measurements  were  made  with  the 
WTF  transmitting  single  frequency,  sinusoid  signals  at  45  Hz  and  IZ  Hz. 
Measurements  were  made  for  each  frequency  and  for  each  leg  of  the 
antenna  transmitting  separately.  These  conditions  reflected  the 
primary  operating  modes  of  the  WTF  up  to  that  time.  August  1976, 
however,  the  WTF  commenced  twenty-four  hour  operation  for  almost  one-third 
of  the  time  with  both  antennas  transmitting  a minimum  shift  keying 
(MSK)  signal  with  a center  frequency  of  76  Hz  and  a mcdvlation  rate  of 
16  Hz.  MSK  is  a special  type  of  frequency  modulation  (FM).  The 
electromagnetic  field  measurements  in  1977,  therefore,  were  made  with 
the  WTF  operating  in  this  condition.  The  schedule  for  August  1976 
through  August  1977  is  summarized  in  Tabic  1.  The  M/S  and  E/W  antennae 
operated  a total  of  7488  and  7526  hours,  respectively. 
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TABLE  1. 

WTF 

OPERATION, 

AUGUST 

1976 

THROUGH  AUGUST  1977. 

MONTH 

NOP.TH/SOUTH  ANTENNA 

HRS.  MIN.  PERCENT 

EAST/WEST  ANTENNA 

HRS.  MIN  PERCENT 

DAYS  OF  CONTINUOUS 
OPERATION 

AUG. 1976 

4A2 

23 

59.5 

494 

27 

66.5 

8/5,8/13^  8/17,8/18, 
8/21.8/22.8/24.8/25 

SEPT.^ 

709 

38 

98.5 

685 

01 

95.1 

9/4  to  9/27 

OCT, 

668 

45 

89.9 

643 

38 

86.5 

10/2  to  10/9,10/14, 
10/15.10/28  to  10/31 

NOV. 

557 

40 

77.5 

557 

4C 

77.5 

11/1  to  11/3,  11/7 

DEC. 

530 

51 

71.4 

530 

51 

71.4 

NOME 

JAN. 1977 

SS8 

52 

75.1 

563 

55 

75.8 

1/24  to  1/31 

FEB. 

557 

24 

82.9 

571 

14 

85,0 

2/1  to  2/3,2/25  tv 
2/2Q 

MARCH 

654 

41 

88.0 

654 

40 

83.0 

3/1,3/3,3/4,3/10  to 
3/21 

APRIL 

581 

45 

80.8 

583 

45 

81.1 

4/18  to  4/24 

MAY 

630 

58 

84.8 

638 

22 

85.8 

5/2  to  5/8,5/26,5/27 

JUNE 

422 

03 

58.6 

538 

46 

74.8 

NONE 

JULY 

580 

34 

78.0 

474 

04 

63.7 

7/7,7/8,7/l0?7/15, 

7/16 

AUG. 

592 

15 

79.5 

590 

02 

79.3 

8/14  to  8/22 

TOTAL 

7487 

49 

tO^ 

7526 

25 

79.3 

110 

1.  East/West  Antenna  only. 

2.  South  underground  cable  section  Included  in  operations  on  Sept.  4 and  thereafter. 

3.  North/South  Antenna  only. 

4.  Mean  of  loonthly  percentages. 
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Th«  O2  consumption  and  R.Q.  data  ware  analysed  using  a single 
classification  analysis  of  variance  for  unequal  sample  slses.  The  0^ 
consunqttlon  data  were  tested  across  the  years  utilising  a t>test  for 
paired  comparisons  to  test  whether  the  mean  of  the  annual  differences 
between  exposed  and  control  populations  varies  significantly  from  a 
hypothetical  mean  of  aero.  The  95X  confidence  limits  for  the  mean 
were  computed  using  t and  the  standard  deviation  of  the  mean. 
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4.  RESULTS 

4.1  Electric  and  Magnetic  Field  Data 

Table  2 gives  the  measured  magnetic  flux  densities  ut  the  animal  collecting 
sites  during  1972’-1977.  The  values  show  a certain  degree  of  fluctuation 
from  year  to  year.  The  reason  for  this  is  that  the  only  locations  where 
the  field  exceeds  the  0.001  gauss  level  are  physically  near  an  antenna.  At 
these  locations » positioning  of  the  probe  is  very  important.  Near  the  antenna, 
the  magnetic  fields  may  be  expected  to  vary  as  the  inverse  of  the  distance 
from  the  test  point  to  the  antenna.  As  a result  of  this  behavior,  the 
highest  values  of  magnetic  field  occur  closest  to  the  antenna;  but  at  these 
locations,  the  positioning  is  also  most  critical.  This  fact  is  borne  out  by 
measurement.  The  higher  magnetic  flux  densities  show  a larger  degree  of 
change  than  the  lower  magnetic  flux  densities.  This  is  due  to  the  fact 
that  it  was  difficult  to  obtain  exactly  the  same  measurement  locations 
and  positioning  of  the  probe  year  after  year. 

The  maximum  1977  field  values,  although  measured  with  both  antenxias 
transmitting  a IlSK  signal  are  quite  similar  to  maximum  field  levels  obtained 
in  previous  years  with  single  antenna,  single  frequency  measurements.  This 
is  noc  an  unexpected  result,  as  most  of  the  site*'  are  situated  near  only 
one  antenna,  and  hence  this  antenna  will  contribute  most  of.  the  field 
component  at  the  site.  The  1977  minimum  field  values  were  generally  less- 
than  0.001  gauss. 

Both  the  low  impedance  electric  field  (the  horizontal  electric  field 
at  earth's  surface)  and  the  high  Impedance  electric  field  (the  field  In  air) 
have  been  measured  at  each  of  the  test  and  control  plots. 
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The  low  in^dance  electric  field  has  been  measured  each  year  since 
1972.  The  high  Impedance  electric  field  was  measured  In  1975 
because  of  interest  In  fields  of  this  type  under  high  voltage  lines, 
and  to  more  completely  define  the  electric  field  environment 
for  the  test  and  control  plots. 

The  low  Impedance  electric  field  (the  horlaontal  electric 
field  at  the  earth's  surface)was  measured  with  one-meter  probe  wires. 
Table  3 gives  the  measured  low  Impedance  electric  fields  for  the 
period  1972-1977. 

The  45-  and  75-Hz  readings  show  some  fluctuation  that  may  be 
explali:ied.  In  part,  by  uncertainty  In  placement  of  the  sensor. 

However,  since  the  electric  field  varies  as  the  natural  logarithm 
of  the  Inverse  of  the  distance  from  the  antenna,  this  cannot  account 
for  all  of  the  differences  from  year  to  year.  The  main  explanation 
for  the  yearly  variations  In  these  data  Is  that  the  low  Impedance 
electric  field  Is  more  affected  by  the  differences  In  the  earth's 
conductivity  and  other  factors  such  as  nearby  long  conductors  which 
occur  between  maasurements. 

The  maximum  electric  field  levels  measured  In  1977  are  similar 
to  the  field  levels  measured  In  previous  years  due  to  the  operation 
of  the  antenna  element  nearest  the  measurement  site.  The  minimum 
electric  field  levels  for  1977  were  generally  on  the  order  of  the 
field  levels  measured  In  previous  years  due  to  the  operation  of  the 
antenna  element  farthest  from  the  measurement  site.  Again,  these 
results  are  not  unexpected  as  the  antenna  element  nearest  a measurement 
point  will  dominate  the  field  levels  at  that  point. 
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Th«  60*Hs  fields  ere  quite  vsrlable  because  they  depend,  In  large 
part,  upon  conditions  which  cannot  be  controlled.  The  60-Hb  field 
depends  on  the  current  In  nearby  power  lines,  and  the  amount  of  current 
allowed  to  flow  In  power  system  neutrals.  Of  all  these  factors,  the 
only  one  that  remplns  relatively  constant  from  year  to  year  Is  the 
placement  of  the  lines.  Even  this  may  change,  however,  as  power 
systems  are  upgraded  and  expanded. 

4.2  Bloloeloal  Data 

Table  4 suomarlces  mean  oxygen  consumption  (p  1/gm/hr)  with 
957.  confidence  limits  of  exposed  and  control  anlsials  tested  In 
suosner  1977.  The  redworms  are  the  only  species  of  the  five  tested 
to  exhibit  u statistically  significant  difference  (P<  .001)  between 
exposed  and  control  animals,  via.  a marked  lowering  in  the  exposed 
animals.  There  were  no  significant  differences  In  R.Q.  of  teat 
and  control  groups  (Table  6). 

Table  5 and  Figures  2 through  6 give  a six-year  summary  of 
oxygen  consumption.  The  1974  populations  are  not  Included  In  the 
t-test  for  paired  comparisons  depicted  In  Table  5 as  they  were 
collected  In  fall  rather  than  summer.  Some  perspective  on  the  question 
of  a seasonal  change  In  the  sensitivity  of  animals  to  ELF  electromagnetic 
fields  may  be  noted  In  the  graphs  and  has  been  discussed  previously 
(Greenberg,  1976a).  When  examined  on  a long-range  basis  (Table  S) 
none  of  the  species  show  significant  differences  between  the  exposed 
and  control  populations.  However,  ^en  the  absolute  differences 
between  the  exposed  and  control  red\rorm  populations  are  examined.  It 
appears  that  these  populations  are  diverging.  Since  these  fluctuations 
are  not  consistent  it  Is  difficult  to  postulate  a biological  mechanism 
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which  would  oxploln  the**  diffoconcoo  In  population  raaponia. 

Aa  can  ha  aaan  ftoM  tha  graph*  In  1977,  thraa  of  cha  axpoaad 
group*  and  all  flva  ?f  tha  control  group*  *howad  higher  O2  consumption 
rata*  than  In  pravlou*  yaar*.  Wa  attribute  eom*  of  tha  previous 
lower  value*  to  shipping  affect*. 

Thera  wa*  no  avldance  of  abnormalltla*  In  behsvlor,  habitat 
selection  or  axtamal  feature*  and  pigmentation  in  any  of  tha  anloal* 
collected  in  tha  proximity  of  tha  VTF  antenna. 


VOOOLIGK 


BARTHHQMC 
SALAMANDERS 
SLUGS 
RE  WORMS 


O.Sl  (0.74-0.8S) 
O.SO  (0.73-0.87) 
0.82  (0.73-0.89) 
0.80  (0.74-0.86) 
0.82  (0.76-0.88) 


0.80  (0.72-0.88) 
0.82  (0.76-0.88) 
0.81  (0.73-0.87) 
0.78  (0.71-0.83) 
0.81  (0.76-0.86) 


TK«r«  vwr«  no  algnlflcant  differoncna  bntvann 
•xpostd  and  control  animala  of  th*  anna  apaclea. 
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Lumbricus  rubellus 


Mean  Oxygen  Consun^tion  of  tbe  Slug,  Arion  sp.,  197Z~77 


MEAN  O2  CONSUMPTION  (ul/gm) 
WITH  95%  CONFIDENCE  LIMITS 
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Hean  (keygen  Consumption  of  the  Bed backed  Salamandeti  Plethodon  cinereus  clnereus.  1972-77 
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5.  DISCUSSION 

From  the  study's  Inception  in  sunoer,  1972,  up  to  end  including 
sunmer,  1976,  we  shipped  specimens  to  our  Chicago  laboratories  for 
testing;  shipment  was  via  air  or  car,  but  always  identical  for  control 
and  exposed  animals  of  the  same  species.  The  specimens  were  shipped 
In  Ice  chests  and  conserved  at  12*^0  after  arrival,  the  total  time 
elapsing  between  collection  and  testlttg  rarely  exceeding  48  hours. 

We  found  that  different  modes  of  shipping  produced  demonstrable 
differences  in  oxygen  consumption  but  control  and  exposed  animals 
did  not  differ  (Greenberg  and  Ash,  1976^  Nevertheless,  It  is 
possible  to  argue  that  these  animals  did  have  different  metabolic 
rates  (presumably  due  to  the  Seafarer  electromagnetic  environment) 
and  that  packing,  shipping,  and  cooling  wiper!  out  these  differences. 
Polkllotherms  may  complete  their  acclimation  to  cool  temperatures 
in  one  day  (Mellanby,  1939)  and  their  oxygen  consumption  depends 
upon  previous  temperature  adaptation  (Montuorl,  1907).  Therefore, 
in  sumner  1977  a Gilson  differential  resplrometor  and  other  apparatus 
were  Installed  at  the  Wisconsin  test  facility  for  same-day,  on-site 
measurements  of  oxygen  consumption.  It  is  not  surprising,  therefore, 
to  note  in  Figures  2 to  6 that  all  five  of  the  control  groups  and 
three  of  the  exposed  groups  had  higher  oxygen  consumptions  In  1977 
than  In  previous  years.  This  release  from  a probable  depre8se.nt 
effect  of  shipping  and  cooling  is  most  pruaouncod  In  woodllce  and 
slugs  and  least  pronounced  in  salamanders. 

Although  the  on-sice  method  of  touting  probably  yields  data 
closer  to  the  true  values  than  the  former  method,  both  methods 
clearly  show  that  the  oxygen  consumptions  of  paired  populations  of 


exposed  and  control  slugs,  salamanders,  woodlice,  and  earthworms 
still  continue  to  show  no  statistically  significant  differonces 
after  eight  years  of  antenna  operation  and  a total  of  23 
tests.  The  last  year  was  of  particular  importance  because  the 
facility  was  operating  at  79  per  cent  time  compared  with  about 
20  per  cent  in  previous  years.  During  the  same  year,  temperature 
and  rainfall  were  near  normal  for  this  area  (Tab)*  7 and  8). 
Significant  differences  in  oxygen  consumption  appeared  for  the 
third  time  in  redworm  populati<^as.  This  year  the  metabolic  rate 
in  exposed  worms  was  depressed,  as  it  was  in  fall  1974,  whereas  in 
1976  the  reverse  was  true.  Significant  differences  in  redworm 
metabolic  rates  have  been  detected  three  out  of  six  years  and  the 
differences  between  the  exposed  and  control  groups  are  becoming 
progressively  greater  over  the  years  as  evidenced  by  the 
significant  positive  regression.  Nevertheless,  neither  the 
exposed  nor  the  control  populations  have  been  consistently  elevated 
or  depressed.  The  fluctuations  are  such  that  when  the  data  are 
tested  over  the  years  via  a t-test,  there  is  no  significant 
difference  between  exposed  and  control  redworms.  In  1977,  oxygen 
consumption  of  exposed  redworms  was  the  lowest  since  we  started 
testing  in  1972,  and  highest  in  the  controls.  We  have  no  explanation 
for  the  differences  and  the  inconsistencies  in  the  oxygen  consumption 
of  control  and  exposed  redworms. 

We  conclude  from  the  evidence  presented  that  the  Seafarer 
electromagnetic  environment  has  not  had  a demonstrable  effect  on 
the  respiratory  quotients  of  five  species  of  animals  studied  since 
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1972.  Nor  has  It  had  a deaonstrable  effect  on  the  metabolic  rates 
of  woodllce,  slugs,  earthworms,  or  redbacked  salamanders.  Data 
from  our  long-term  study  of  redworm  metabolic  rates  do  not  exclude 
a possible  ELF  effect. 


TABLE  8 

PRECIPITATION  (CM) 


YEAR 

MAY 

JUNE 

JULY 

AUGUS7 

1972*^ 

6.37 

12.62 

17.32 

22.12 

1973+ 

14.81 

11.76 

10.31 

19.76 

1975+ 

7.64 

15,95 

6.71 

12.01 

1976° 

2.77 

9.60 

4.17 

6.40 

1977° 

11.45 

11.20 

13.03 

17.14 

Taken  at  Gllddan. 
° Taken  at  WTF. 
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TOTAL 

58.43 

56 .44 
42.31 
22.94 
52.82 
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